Glycoinositolphospholipids (GIPLs) were isolated from promastigotes of the lizard parasites Leishmania adleri by phenol/water extraction. Phosphoinositol oligosaccharides were liberated by mild alkaline hydrolysis, purified by gel filtration and high pH anion exchange chromatography, and characterized by methylation analysis, fast atom bombardment mass spectrometry, and nuclear magnetic resonance spectroscopy. 
Introduction
Parasites of the Trypanosomatidae family are responsible for many diseases of clinical and veterinary importance. Examples include Leishmania species, Trypanosoma cruzi, the etiological agent of Chagas's disease, and the members of the T.brucei complex which cause sleeping sickness in humans and nagana in cattle.
The genus Leishmania contains a large number of pathogenic species and subspecies, which are responsible for an overlapping complex of visceral, cutaneous and mucocutaneous clinical syndromes. These range from relatively mild selflimiting cutaneous forms caused by (among other species) Lmajor and Ltropica in the Old World and Lmexicana and LbrazMensis in South America, to visceral leishmaniasis (kala azar) caused by Ldonovani and Linfantum (Old World) and Lchagasi (New World), which, if untreated, results in extremely high mortality (Grimaldi and Tesh, 1993) . Leishmaniases are endemic in 82 countries on four continents, with an estimated 12 million individuals infected (Desjeux, 1992) . Although cases are concentrated in third-world countries, the disease is not exclusive to developing nations, and occurs, for example, throughout die Mediterranean basin. The number of Linfantum and HTV coinfections in southern Europe is increasing rapidly (Alvar, 1994) .
Leishmania species which parasitize non-human hosts have also been identified, including several parasites of Old World lizards. The promastigote stages of these lizard parasites are morphologically similar to those of mammalian Leishmania, and both groups are transmitted by blood-sucking sandflies. However, as amastigote forms are rarely observed, and multiplication within macrophages has not been unequivocally demonstrated in vivo, the taxonomic status of these organisms is ambiguous, and a new genus, the Sauroleishmania has been proposed to accommodate them (Saf janova, 1986; Lainson and Shaw, 1987) . Since these organisms have been extensively used as experimental systems, it is important to clarify their relationship to the leishmanial parasites of mammals.
The cell surfaces of Leishmania species which parasitize mammals are coated with glycosylphosphatidylinositol (GPI)-anchored proteins and two classes of protein-free GPIcontaining lipids: the lipophosphoglycans (LPGs), and the lowmolecular mass glycoinositolphospholipids (GIPLs) (McConville and Ferguson, 1993) . The structures of LPGs from five species of Leishmania (L.major, L.mexicana, Ldonovani, Ltropica and Laethiopica) have now been elucidated (McConville et al., 1995) , and indicate the existence of significant intra-and inter-specific polymorphism, though die variability is confined to the capping oligosaccharides and the side-chains, since the phosphosaccharide repeats and die GPI core are apparently conserved. The GIPLs of Leishmania have been classified into three lineages on the basis of the linkage between the two mannose residues proximal to inositol (McConville and Ferguson, 1993) . In type-1 GIPLs, the second mannose is (1-6) linked to the first, as in the GPI-protein anchors. Type-2 GIPLs differ in that this linkage is (1-3), as in the LPG anchor. Hybrid type GEPLs are branched structures with both (1-3) and (1-6) mannose residues linked to the first mannose. Lmajor promastigotes synthesize predominantly galactose-terminating GIPLs belonging to type-2 lineage, whereas L.mcxicana, Ldonovani, Ltropica, and Laethiopica express mannoseterminating materials from the type-1 and hybrid series.
The function of these molecules is still unclear. However, because their structures vary between species and genera they could provide useful phylogenetic markers in the trypanosomatidae family. In evolutionary terms, the GPI-anchored glycoproteins seem to precede the GIPLs. For example, the earliest-diverging trypanosomatid lineage is T.brucei, which is unable to synthesize GIPLs although its glycoproteins have typical GPI-anchors. T.cruzi is the first trypanosomatid lineage in which free GIPLs appear, and these compounds are closely related in structure to the GPI anchors of the surface glycoproteins of this organism Carreira et al., 1996) . However, the GIPLs of homoxenous and heteroxenous species, which have separated from the trypanosomatid lineage more recently, are increasingly divergent in structure from GPI-protein anchors Routier et al., 1995) . Comparative examination of GIPL and LPG structures may thus clarify the phylogenetic relationship between the leishmanial parasites of lizards and those of mammals.
Ladleri is a lizard parasite that is intermediate in some respects between saurian and mammalian Leishmania. Like mammalian Leishmania (subgenus Leishmania), but in contrast to most other lizard Leishmania, it undergoes the sandfly vector stage of its developmental cycle in the anterior portion of the mid-gut (Heisch, 1958) , and is able to establish transient cutaneous infections when experimentally inoculated into humans (Manson-Bahr and Heisch, 1961) .
In this study we have characterized four GIPLs purified from promastigotes of Ladleri, and we have also attempted to purify LPG from this organism. We show that the structures of the glycan and lipid domains of Ladleri GIPLs are similar to those described for mammalian leishmanias, implying a clear phylogenetic relationship between the lizard and mammalian parasites. However, in contrast to the mammalian parasites, LPG appeared to be absent from lizard leishmanias.
Results

Isolation and chemical composition of L.adleri glycoinositolphospholipids (GIPLs)
A glycolipid fraction, soluble in chloroform/methanol/water (10:10:3) was recovered from the aqueous phase of a hot phenol water extract of Ladleri promastigotes. Compositional analysis revealed the presence of mannose (Man), galactose (Gal), glucosamine (GlcN), inositol (Ins), and phosphorus. The mixture of fatty acids and alkylglycerols listed in Table I was obtained on methanolysis of the GIPLs. The major fatty acids were octadecanoic, tetradecanoic, and hexadecanoic acids. The alkylglycerols were characterized by gas chromatography and mass spectrometry (GC/MS) of their trimethylsilyl (TMS) ethers. In all cases, a base peak was observed at m/z = 205, originating from cleavage between the glycerol C-l and C-2 with charge retention on the TMSO-CH-CH2-OTMS fragment (Myher et al., 1974) . No molecular ions were observed in the electron impact spectra, the peaks of highest mass being M-15 species, which were observed at m/z 529, 557, and 585, corresponding to 1-O-docosanyl, -tetracosanyl, and -hexacosanylsn-glycerols, respectively (Table I ). Other characteristic fragment ions were observed at M-90 and M-104. The composition of the lipid moiety of the GEPLs of Ladleri is thus similar to that previously reported for Ltarentolae (Routier et al, 1993) .
Isolation, analysis and fractionation by high-pH anion-exchange chromatography (HPAEC) of phosphoinositol (Pl)-oligosaccharides from L.adleri GIPLs
The mixture of the of Pl-oligosaccharides obtained by treatment of the GIPL fraction with 1 M KOH was examined by nuclear magnetic resonance (NMR) spectroscopy and by fast atom bombardment mass spectrometry (FAB-MS). The FAB spectrum contained quasi-molecular ions at m/z 1070, 1193 and 1232. The 500 MHz NMR spectrum similarly suggested considerable glycan heterogeneity. The mixture was fractionated on a Carbopak PA 100 anion exchange column to give four fractions, designated Pl-oligosaccharides I, n, DI, and IV, which were present in a molar ratio of 2:2:1:3 ( Figure 1 ). The : H NMR spectra of these fractions ( Figure 2 ) suggested that they were relatively homogenous, except that some phosphate migration from inositol O-l to O-2 had occurred during the base treatment (Previato et al, 1992) . Partial separation of the Ins-1-and the Ins-2-phosphorylated oligosaccharides during HPAE chromatography is likely to be the explanation for the peak splitting observed in the chromatogram ( Figure 1 ). A similar phenomenon was previously reported in the context of HPAE fractionation of base-liberated Pl-oligosaccharides from the GIPLs of Leptomonas samueli . evidence of an unbranched structure. In contrast to the spectra of the underivatized Pl-oligosaccharides, the intensities of the '•'X,, ring cleavage ions were more abundant than the corresponding Y n ions. Six major signals were observed in the anomeric region of the 'H NMR spectrum of Pl-oligosaccharide II ( Figure 2C ). These were assigned as the anomeric protons of two residues of ot-Man (5.173 and 5.270 ppm), two of a-Galp (4.983 and 5.067 ppm), Gal/" (5.199 ppm) , and GlcN (5.681 ppm). The P spectrum contained only a phosphomonoester resonance, and provided no evidence of phosphorus linked-substituents. Assignment of the *H spectrum of Ploligosaccharide II was achieved using 2D experiments (Table  HI) . The chemical shifts of the residue designated Galp(2) (Table II) were consistent with a terminal location (Jansson et al., 1989) and an nOe observed between its anomeric resonance (4.983 ppm) and one of the H-6 signals of the other a-Gal/? residue implied a terminal Galp(al-6)Gal(otl-structure. This conclusion was supported by the low-field position of the H-5 resonance of a-Galp(l) (4.323 ppm; triplet, 6 Hz), and by the detection of 2,3,4,6-tetra-0-methyl-l,5-di-C>-acetyl and 2,3,4-tri-O-methyl-l,5,6-tri-O-acetyl galactitol in the methylation analysis (Table IV) . The anomeric resonance of the inner a-Gal^ residue exhibited nOes to the H-3 and H-4 of 
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Gal/" consistent with linkage to the Gal/ 0-3, and this was supported by the presence of 2,5,6-tri-0-methyl-l,3,4-tri-Oacetyl galactitol in the methylation analysis (Table IV) . Interresidue nOes from H-l of Gad/to H-3 and H-2 of Man (2) imply an a(l-3) linkage to the latter residue. The remaining nOes listed in Table III established the rest of the sequence as Man(al-3)Man(otl-^t)GlcN(l-6)InsP, and this is consistent with the methylation analysis (Table IV) and FAB-MS data. The l U NMR spectrum of Pl-oligosaccharide IH ( Figure 2D ) was similar to that of Pl-oligosaccharide n, except for the absence of the resonance at 4.983 ppm, assigned as a 6-linked terminal Gal/?. Consistent with this, no 2,3,4-tri-O-methyll,5,6-txi-C>-methyl galactitol was observed in the methylation analysis (Table IV) , and the resonance assigned as H-5 of -6)-a-GabXl-was at higher field. Thus, the results of NMR, FAB-MS, and methylation analysis all support the conclusion that Pl-oligosaccharide HI is a homologue of Pl-oligosaccharide II, lacking the terminal (1-6) linked Galp (Table II) .
Characterization of the mannose-containing Pl-oligosaccharides I and IV
A quasi-molecular ion was observed at m/z 1070 in the FAB spectrum of Pl-oligosaccharide I, suggesting the same composition as Pl-oligosaccharide IQ. The CID spectrum was qualitatively similar to that obtained from Pl-oligosaccharide HI, except for the absence of the signal at m/z 584, assigned as Y 3 in Pl-oligosaccharides II and HI, suggesting a branched structure in which the proximal hexose is substituted with a hexose residue (Table II) .
FAB-MS of Pl-oligosaccharide IV revealed a quasimolecular ion at m/z 1193, consistent with the composition (Hex) 4 -GlcN-InsP together with an ethanolamine phosphate (EtNP) substituent. Collisional activation and analysis of the daughters of m/z 1193 by means of a linked scan at constant B/E showed that the EtNP substituent is apparently located on the penultimate Hex rather than GlcN, because of the mass increment of 285 between the ions assigned as Y 4 and Y 3 , and because the Y 2 ion representing glycosidic cleavage at GlcN is observed at m/z 422 as in the other Pl-oligosaccharides, rather than at m/z 545 as would be expected if the GlcN was substituted with EtNP (Wait et al., 1994) . The absence of a fragment ion at m/z 584 suggests the presence of a Hex branch in the same position as in Pl-oligosaccharide I.
Analysis of ID and 2D ! H NMR spectra of Pl-oligosaccharide IV indicated the presence of four a-Man spin systems, one GlcN and one InsP. Resonances characteristics of EtNP substituent were also observed, and its presence was confirmed by a 31 P spectrum which contained a phosphodiester signal in addition to the InsP phosphomonoester signal. The majority of the resonances in the 'H spectrum were assigned by means of double quantum-filtered correlation spectroscopy (DQF-COSY) and total correlation spectroscopy (TOCSY) experiments (Table V) , sequence and linkage information being supplied from a rotating-frame nuclear Overhauser enhancement (ROESY) spectrum. The chemical shifts of two Man residues ( Figure 2B ), designated Man(2) and Man(4), (Table IT) were consistent with terminal locations (Jansson et al, 1989) . This was supported by detection of 2,3,4,6-tetra-0-methyl-l,5-di-0-acetyl mannitol in the methylation analysis (Table IV) . Inter-residue nOes (Table VI) were observed between the anomeric proton of GlcN and H-6 of InsP and between the H-l of a-Man(l) and the H-4 resonance of GlcN, establishing the conserved GPI core structure Man(al^)GlcN(otl-6)InsP. Inter-residue nOes between the anomeric proton of the terminal a-Man(2) residue, and H-2 and H-3 of Man(l) were consistent with a Man(2)(od-3)Man(l) branch, and this was confirmed by the low-field position of C-3 of Man(l), assigned by a heteronuclear multiple quantum coherence (HMQC) experiment (Table V ). An nOe observed between H-l of Man(4) (the other terminal Man) and H-2 (strong) and H-3 (weak) of Man(3) provided evidence of a Man(4)(al-2)Man(3) linkage; this was supported by the low-field chemical shift of C-2 of Man(3). Inter-residue nOes between H-l of Man(3) and H-5 and H-6 of Man(l) provided tentative evidence of an (a 1-6) linkage between Man(3) and Man(l), as suggested by the detection of 2,4-di-0-methyl-l,3,5,6-tetra-0-acetyl mannitol in the methylation analysis (Table IV) .
The 'H NMR spectrum of Pl-oligosaccharide I (Figure 2A ) was similar to that of Pl-oligosaccharide IV, except that it lacked the resonances arising from the EtNP substituent The 31 P spectrum showed only a phosphomonoester resonance. Signals in the anomeric region of the *H NMR spectrum (Figure 2A) at 5.047, 5.123, 5.146, and 5.234 suggested the presence of four ot-Man residues. Both the observed chemical shifts and inter-residue nOes were consistent with a non-EtNP substituted homologue of Pl-oligosaccharide IV (Table II) .
Analysis of lipophosphoglycan (LPG)
The presence of LPG in Ladleri and Ltarentolae was investigated by indirect immunofluorescence, using the monoclonal antibody CA7AE which recognizes the phosphorylated disaccharide repeats of Ldonovani LPG (Tolson et al, 1989) . Figure 3 shows the results obtained. The monoclonal antibody failed to bind to cells of Ltarentolae, suggesting that LPG is absent from this organism. In the case of Ladleri the cell surface was not labeled, but in a proportion of cells immunofluorescence was observed in the region of the flagellar pocket By contrast, the surface of Ldonovani promastigotes was uniformly labeled. No LPG was obtained after extraction of Ladleri promastigotes using the published procedure for LPG isolation (Oriandi and Turco, 1987) , and labeling of the cells with 14 C-galactose likewise failed to detect LPG, although it was recovered in good yield from Lamazonensis in control experiments (results not shown). It has been reported that the monoclonal antibody CA7AE recognizes epitopes of the secreted acid phosphatase (sAP) of Leishmania species (Ilg et al., 1991) in addition to LPG, and it is possible that this is the explanation for the weak immunofluorescence observed in Ladleri. However, the presence of low levels of LPG-like material in the flagellar pocket region cannot be excluded.
Discussion
The structures of the Pl-oligosaccharide domains from Ladleri GIPLs are shown in Table II . Methylation analysis of the unfractionated mixture of GIPLs from another lizard parasite, Ltarentolae, suggested the presence of similar structures in this organism also (data not shown).
The GIPLs in Old and New World strains of Leishmania can be divided into families according to their glycan structure. The compounds from amastigotes and promastigotes of Lmajor are based on a Gal/Man 2 GlcN-PI core (GIPL-1) which can be elaborated by addition of a-Galp units (forming GIPL-2, GEPL-3), or a glucose phosphate branch (giving P-GIPL-2, and P-GIPL-3). The other group of GIPLs is present in promastigotes of Ltropico, Loethiopica, Lmexicana, and Ldonovani and are based on a conserved Man 2 GlcN-PI core which can be substituted with additional mannose residues (Schneider et al., 1994) . In promastigotes of Lmexicana (McConville et al., 1993) , a proportion of the mannose containing GIPLs iM3 and iM4 are substituted with ethanolamine phosphate (EtNP). This GalfH-2 @ 4.426 Unassigned @ 3.860
GakXl)H-6 ® 3.685 substituent has also been observed in GEPLs from T. cruzi (Carreira et al., 1996) and Endotrypanum schaudinni . The EtNP substituent was initially reported to be on 0-6 of glucosamine (McConville et al. 1993) , but a recent examination of Lmexicana amastigotes, in which more than 60% of GIPLs are EtNP substituted, concluded that this was erroneous, and that the correct site of substitution was the penultimate mannose (Winter et al., 1994) , as in Ploligosaccharide TV (Table II) from Ladleri. Lmexicana is intermediate between L major and the other species since it expTesses minor quantities of GIPL-2, GIPL-3, and P-GIPL-3 in addition to the mannose-containing series. Ladleri, however, synthesizes both types of GIPL in appreciable concentration. The galactose-containing structures II and m (Table II) which are identical to GIPL-2 and GIPL-3 from Lmajor (McConville and Ferguson, 1993) comprise 37.5% of the total GIPL. The remaining 62.5% consists of the mannose-containing structures I and IV (Table II) which are identical to iM4 and the EtNP-substituted EPiM4 (McConville et al., 1993) , respectively. The Pl-oligosaccharides from Ladleri are linked to alkylacyl glycerols of similar fatty acid composition to those of the GBPLs of the leishmanial parasites of mammals.
That Ladleri shares GIPL structures with Lmajor as well as with the other Leishmania species, is consistent with a close phylogenetic relationship between the lizard and mammalian leishmanial parasites. This is in agreement with the recent observation that Ladleri has the same Leishmania-specific RFLP fingerprint as all members of the genus Leishmania except Lhertigi and Ldeanei (Noyes et al., 1996) . Antigenic crossreactions have been reported between Ladleri and Ldonovani (Wilson and Southgate, 1979) which may be explained by the common presence of the GEPL iM4, since this structure is known to be strongly bound by antibodies from serum of patients with visceral leishmaniasis (Sevlever et al., 1991) .
In contrast to the mammalian Leishmania, LPG appears to be absent from the lizard parasites Ladleri and Ltarentolae. Since LPG is known to promote parasite survival within the macrophage (Turco and Descoteaux, 1992) it is likely that its absence is related to the significant differences observed in the vertebrate stages of the lifecycles of the lizard and mammalian leishmanial parasites.
Materials and methods
Microorganisms and growth conditions
Leishmania adleri (strain LV-30) and Ltarentolae (strain LV-414) were kindly supplied by Dr. M. Chance (Liverpool School of Tropical Medicine, UK). Lamazonensis (strain Josefa) was from our laboratory collection. Promastigotes of all strains were grown in brain heart infusion medium (Difco), containing 5% fetal calf serum at 26°C, during 4 days. The cells were harvested by centrifugation (6000 x g for 10 mm), washed three times with 0.9% NaCl and frozen at -20°C until used.
Extraction of GIPL
The harvested cells (approximately 10") were extracted at 80°C with 45% aqueous phenol. The aqueous layer was dialyzed, freeze dried, and applied to a column (2 x 100 cm) of Bio-Gel P-60. The excluded material was lyophilized and the GIPL was recovered by extraction (twice) with chloroform/methanol/ water (10:10:3). The extracts were combined, evaporated to dryness, dissolved in water, and lyophilized, as previously described (Previato et aL, 1992) .
Isolation of Pl-oligosaccharides
The Pl-oligosaccharides were isolated from the intact GIPL by alkaline hydrolysis (KOH 1 M, 72 h at 37°Q (Smith and Lester, 1974) . After neutralization with acetic acid, nonpolar material was removed by chloroform extractions. The aqueous layer was passed through a column of Dowex 5OW-X8 (H*) resin, and the Pl-oligosaccharides eluted with water and desalted in a column of TSK HW40, using 0.01 M acetic acid as eluent.
High pH onion exchange (HPAE) chromatography
The desalted material was fractionated by HPAE chromatograpby on a Carbopak PA-100 analytical column (0.2 x 25 cm; Dionex, Sunnyvale, CA) with pulsed amperometric detection (PAD). The mobile phase initially consisted of 85% solution A (0.1 M NaOH) and 5% solution B (0.1 M NaOH and 1 M NaOAc). After injection the proportion of solution B was increased by a linear gradient over 10 min to 23% and maintained isocratically for 10 min. The flow rate was 4 ml/min. The fractions obtained ( Figure 1 ) were each neutralized with acetic acid and desalted by passage through a 1.8 x 13 cm column of Dowex 50W-X8 (H*), followed by gel filtration through a Bio-Gel P-2 column (1 x 100 cm).
Analytical procedures
Neutral sugars were analyzed by gas chromatography (GQ of their trimethylsilylated methyl glycosides, as previously described (Previato et aL, 1992) . Absolute configuration of the monosaccharides was determined by GC of trimetbylsilylated 2-butyl glycosides (Gerwig et aL, 1978) . To quantitate inositol and glucosamine, samples were methanolyzed (3 M merhanolic HC1 for 18 h at 80°C), reduced with NaBH 4 and acetylated prior to GC. Fatty acid and alkylglycerol were identified and quantified by GC and GC/MS after methanolysis and trimethylsilylation. Total neutral sugars were determined by the phenol sulfuric acid method (Dubois et aL, 1956 ). The procedures of Ames (Ames, 1966) and Bartlett (Bartlett, 1959) were used to measure total and acid-hydrolyzable phosphate, respectively. maintain a constant ratio of B/E. Fragment ions are labeled using the nomenclature introduced by Domon and Costello (1988) .
Methylation analysis
Pl-oligosaccharides were methylated with lithium methylsulfinylmethanide anion according to the procedure of Parente el al., (1985) . The EtNPsubstituted Pl-oligosaccharide IV was first converted to its triethylamine salt by treatment with Dowex 50W-X2 resin in the triethylamine form, to increase its solubility in DMSO. The permethylated oligosaccharides were hydrolyzed with trifluoracetic acid (4 M, 4 h, I00°C), reduced, and acetylated, and partially methylated alditol acetates were analyzed by GC-MS (Foumet et al, 1980) .
Fast atom bombardment-mass spectrometry (FAB-MS)
FAB mass spectra were recorded using a Kratos MS80 RFA spectrometer, equipped with an Ion Tech saddle field gun using xenon atoms as bombarding particles and a 1:1 mixture of glycerol and dithiothreitol:dithioerythritol as liquid matrix. Underivatized samples were dissolved in 30% acetic acid to a concentration of about 10 ng/u.1 and 1 u.1 was mixed with an equal volume of matrix on the probe. Permefhylated samples were dissolved in methanol, and about 2 u,g were loaded onto the probe tip. The instrument was operated at 4 kV accelerating voltage, and spectra were obtained at a scan rate of either 10 or 30 s per decade of mass at 1000 resolution. Collision induced dissociation (CID) was performed by admitting helium into a collision cell between the ion source and the electrostatic analyzer, at a pressure sufficient to attenuate the ion beam to 30% of its initial intensity. Daughter ions were recorded by scanning the magnetic and electric fields (B and E, respectively), so as to
Nuclear magnetic resonance (NMR) spectroscopy
'H, I3 C and 3I P NMR spectra were obtained on a Varian Unity 500 NMR spectrometer (Varian Associates, Palo Alto, CA) equipped with 5 mm triple resonance (for 'H detection experiments) or 5 mm broad-band probes (for I3 C or 3I P detection experiments). All spectra were acquired using standard Varian pulse sequences at an indicated probe temperature of 30°C. Solvent presaturation was achieved with a transmitter pulse except in the DQFCOSY experiment (Ranee et al., 1983) where the decoupler was used. Phase sensitive spectra were collected using the method of States et at (1982) . 'H spectra were referenced to residual internal acetate anion at 1.908 ppm and I3 C spectra to internal acetone. Typical experimental conditions for die 2D experiments were as follows: for the total correlation spectroscopy experiments (TOCSY) (Braunschweiler and Ernst, 1983) , 32 transients of 4 K data points were averaged for each free induction decay and 400 x 2 increments were collected in fl. Spectral widdis in both domains were 3 000 Hz, with mixing times of 50 or 80 ms. ROESY spectra (Kessler et al, 1987) were acquired under similar conditions, except that the mixing time was 150 ms. The spin lock field was generated by continuous low-power irradiation.
Indirect immunofluorescence studies using the monoclonal antibody CA 7AE
LPG was extracted from Lamaionensis using published methods (Turco and Descoteaux, 1992) . In order to verify the presence of LPG from Ladleri and Ltarentolae, promastigotes were investigated by immunofluorescence, using the monoclonal antibody CA7AE (kindly provided by Prof. S. J. Turco), a mouse IgM monoclonal antibody with specificity for the phospborylated disaccharide repeats of Ldonovani LPG (Tolson et aL, 1989) . Smeared promastigotes were air-dried and fixed in 4% formaldehyde for 20 min at 4°C. Slides were blocked with \% bovine serum albumin in PBS and then incubated with monoclonal antibody CA7AE diluted 1:250 in blocking solution, for 1 h at room temperature. Binding was revealed by incubation with goat anti-IgMHlC at 1:50. Immunofluorescence was observed in a Zeiss confocal laser scan microscope.
